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FAILURE ANALYSIS OF THIN-FILM 
AMORPHOUS-SILICON SOLAR-CELL MODULES 

JET PROPULSION LABORATORY 
Q. Kim 

Failure Analysis 



i 
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Purpose: 

o Provide information and data for appropriate corrective action that 

CAN RESULT IN IMPROVEMENTS IN PRODUCT QUALITY AND RELIABILITY. 


Approaches : 


o Expand existing techniques and capability in order to evaluate and 

CHARACTERIZE DE GRADATIONAL PERFORMANCE OF A- Si SOLAR CELLS. 

o Investigate in depth microscopic and macroscopic defects and flams 

THAT SIGNIFICANTLY CONTRIBUTE TO PERFORMANCE DEGRADATION. 

I 

o Develop hem analytical techniques. 
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TABU 1. PERFORMANCE OF BEST REPORTED S INGLE JUNCTION p-l-rt 
AMORPHOUS SILICON SOLAR CELLS 


STRUCTURE 
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1.09 

RCA 

p-l-n 

836 

16.7 

66.0 

9.2 

0,05 

ECO 

GLASS /TCO/p U-SIC:HI - 1 - n (i-SLHI/Me 

845 

a 03 

/to 

8. IS 

f 04 

SANYO 

CLASS MCO/p ll-SKsHI • 1 * n li-SLHHMf 

m 

a zi 

60.0 

8.04 

0.033 

OSAKA 

CLASS /TCO/p li-SIC:HI - i - n It-SliHI/M* 

m 

14.00 

67.6 

7.87 

1,09 

RCA 

ICO/n ImC-SII - 1 • p li'SLHI/SS 

860 

a 90 

65. 2 

7.80 

UO 

FUJI 

GLASS ITCO/p ll-SfCiHI - 1 ■ n Ll-StHIfM* 

900 

14.60 


7.62 

0.09 

SUMITOMO 

TCO/n ImC-SII * 1 *p ll-SLHI/SS 

m 

a so 

60.0 

7.36 

0.09 

TEIJIN 

TCOFn - 1 - p (l-Si:HI/Me 

619 

a so 

64. 0 

7.40 

0.06 
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BEST INDIVIDUAL PARAMETERS 
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74. C 

111.701 




• HIGH CONVERSION EFFICIENCY: 7.4-11.7* 

• DIFFERENT DEVICE STRUCTURES: p - I * n 

n * i ■ p 
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• DIFFERENT FABRICATION PROCESS: GLOW DISCHARGE 

REACTIVE SPUTTERING 
CHEMICAL VAPOR DEPOSITION 


Solar Battery Charger (NC-AM1), Sanyo Electric Co. Lt 
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Some Test Results 



VOLTAGE (VOLTS) 


FIGURE L IV CHARACTERISTICS 

AFTER ANNEALWC iwfc FOR 1/2 HR IN AIR) 
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• LARGE DIFFERENCES IN tj SUGGESTS A NUD FOR AN IN DCP1H [VALUATION Of 
DEGRADATION Al HICCHANISMS 

• MANY Of THE MECHANISMS ARC UtfLY TO BC PROaSS PARAMETER SENSITIVE ON 
WHICH THERE IS SOME L1MI TED INfORMAl ION 

• EFFECT OF ENVIRONMENTAL STRESS ON OlHER MECHANISMS APPEAR TO BE LESS 
UNDERSTOOD 
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Amorphous-Silicon Solar Cell 


• VERY SHORT DIFFUSION LENGTH ( < 1 / 1000 x C-Si ) 

• VERY HIGH ABSORPTION COEFFICIENT! > 10 x C-SI) 

• CARRIER TRANSPORT BY DRIFT 

P i n 
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FIGURE 2 . ENERGY BAND DIAGRAM OF p-i-n JUNCTION 
• OPTIMIZE ABSORPTION AND i-LAYER INTERNAL ELECTRIC 
FIELD BY ADJUSTING THE THICKNESSES ANO FILM 
CHARACTERISTICS 



Current Activity 


i 
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o Investigating degrai'.miunal mechanisms on commercial 

A-Si SOLAR CELL PRODUCTS. 

o These cells are typically low efficiency but provide 

AN OPPORTUNITY FOR CONTRIBUTING DIRECTLY TO THE 
IMPROVEMENT OF COMMERCIAL TECHNOLOGY. 

o Examining device structures, and optical and electrical 
characteristics. 

r . Polarizing microscope, SBi, Curve Tracer, Sun-u-lator. 
SCLS, FTJR, Capacitor Bridge, High Precision Electro- 
meter, Ellipsometry, etc. 
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Solar-Cell Laser Scanner 


FIGURE 3. SCLS IMAGE OF SAMPLE 7703-1 BY TWO DIFFERENT 
MONOCHROMATIC LIGHTS 14S80A (a) AND 5145A (b» 


IT ALLOWS FOR NON- OBSTRUCT I VE EVALUATION AND FAILURE ANALYSIS OF 
ENTIRE SOLAR MODULE AS WELL AS INDIVIDUAL CELL 

IT MAKES IT POSSIBLE TO DISCRIMINATE BETWEEN ACTIVE AND PASSIVE 
(COSMETIC) DEFECTS 

IT MAY PROVIDE MEANS FOR ABSTRACTING INFORMATION ON DIFFERENT 
LAYERS OF THE TH IN-FILM SOLAR CELL 
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Future Plans for a-Si Soiar Cells 


o Upgrade SCLS capability to probe photocurrent response in 

DIFFERENT LAYERS OF THE DEVICE. 

o Evaluate and characterize module degradational phenomena in 

THIN-FILM AMORPHOUS SILICON SOLAR CELLS WITH PARTICULAR 
EMPHASIS ON MICRO AND MACROSCOPIC DEFECTS/FLAHS . 

o Develop methods to analyze failure modes resulting from 

DEGRADATION DUE TO ENVIRONMENTAL EFFECTS SUCH AS OPTICAL, 
THERMAL, MECHANICAL AND MOISTURE. 



